Background Early detection of infected pancreatic necrosis has a major impact on further management and outcome in acute pancreatitis. The aim of this study was to evaluate the clinical value of ultrasonographically guided fine-needle aspiration cytology (FNAC) in patients with necrotizing pancreatitis over an 8-year period. Methods From January 1988 to September 1996 193 (mean 2·0 (range 1-9) aspirations per patient)
Advances in the understanding of the pathophysiology of acute pancreatitis have shown that infection of pancreatic necrosis is the leading complication in the course of this disease. Infection rarely develops in interstitialoedematous pancreatitis [1] [2] [3] ; however, the presence and extent of necrosis significantly increases the incidence of infection up to 80 per cent [4] [5] [6] [7] [8] [9] which is associated with high mortality and morbidity rates 4, 7, 10 . Currently, initial treatment of necrotizing pancreatitis should be conservative unless a specific indication for operation arises. In contrast, little disagreement exists about the necessity for surgical intervention in patients with proven infection of pancreatic necrosis 3, 4, 7, 10 . As a consequence of the outstanding importance of infection on treatment and outcome in necrotizing pancreatitis an optimum diagnostic tool for its early detection is in demand. Unfortunately, there are neither specific clinical signs 4, [7] [8] [9] 11, 12 nor biochemical tests [13] [14] [15] [16] [17] which allow diagnosis of the presence of infection in necrotizing pancreatis. The introduction of contrast-enhanced computed tomography (CT) provided the basis for an objective and accurate morphological stratification of acute pancreatitis [18] [19] [20] [21] . Late entities of pancreatic infections such as pancreatic abscess can be detected by CT. However, extraluminal gas as a pathognomonic feature of infection is found rather infrequently 20 and, therefore, early definite diagnosis of infection by CT is still not possible.
In the early 1980s the first reports of fine-needle aspiration cytology (FNAC) guided by CT which allowed direct access to the pancreatic region appeared. On the basis of Gram staining and culturing of the aspirate, reliable diagnosis of infection has become possible. Nowadays, percutaneous guided techniques are well established diagnostic 11, [22] [23] [24] [25] and therapeutic [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] methods. The majority of these reports used CT for guidance and focused on complications of acute pancreatitis such as fluid collections 11, 23, 24, 32, 34, 38 , pseudocysts 11, 27, 29, 31, 33, [35] [36] [37] , abscesses 22, [26] [27] [28] 36 and inflammatory masses 11 . Surprisingly, only one study has been conducted in the subset of patients with documented necrotizing pancreatitis 25 and there are no large-scale studies to validate this technique as accurate in detecting infection in necrotizing pancreatitis as it is in fluid collections, pseudocysts and abscesses.
Experience concerning the diagnostic accuracy and safety of ultrasonographically guided FNAC in a prospective series of patients with necrotizing pancreatitis diagnosed by CT over a period of 8 years is reported.
Patients and methods

Patients
From January 1988 to September 1996 a total of 98 patients with necrotizing pancreatitis underwent FNAC guided ultrasonographically in this department. Patients with morphologically confirmed pancreatic abscesses or postacute pseudocysts were excluded. There were 65 men and 33 women with a median age 52 (range 14-83) years. Some 74 patients (76 per cent) were Paper accepted 29 October 1997 referred from other hospitals after a median of 3 (range 1-39) days of conservative treatment; 24 patients (24 per cent) were primary admissions. The overall median time interval between onset of abdominal symptoms and admission to this hospital was 3 (range 0-43) days. No patient had undergone previous necrosectomy or other surgical procedures on the pancreas. The aetiology was alcohol in 51 (52 per cent), gallstones in 26 (27 per cent), endoscopic retrograde cholangiopancreatography in four (4 per cent), and trauma and viral infection in one patient (1 per cent) each. Rare aetiological factors were drugs in four patients (4 per cent) and in 11 (11 per cent) no cause for acute pancreatitis could be found.
Methods
In all patients the presence of necrosis was demonstrated by CT with oral and intravenous contrast medium (CT 9800, General Electric, Chicago, Illinois, USA; CT-Twin flash, Elscint, Haifa, Israel). The intrapancreatic extent of necrosis was graded into less than 30 per cent, 30-50 per cent, and more than 50 per cent of the pancreatic parenchyma. In addition, the serum markers of necrosis, C-reactive protein (CRP) 13 and lactate dehydrogenase 16 , were monitored.
Ultrasonographically guided FNAC was performed if pancreatic infection was suspected by clinical or biochemical signs and symptoms. Clinical signs of infection included persisting systemic inflammatory response syndrome (SIRS) over at least 3 days; biochemical parameters included a persisting raised level of CRP. Some 78 of 193 aspirations in 63 patients were performed within the first 7 days after onset of symptoms and the remaining 115 FNACs in 35 patients during the following weeks.
After written informed consent was obtained, an abdominal ultrasound probe with a frequency of 3·5 MHz (Sonoline SI 450, Siemens, Issaquah, WA, USA; Sonolayer L 77B, Toshiba, Tokyo, Japan) was used to locate the area of necrosis. Following careful skin disinfection, a 22-G sleeve needle (SPINOCAN, Luer Lock, Braun Melsungen, Germany) was advanced under ultrasonographic guidance until the necrotic area was reached and a minimum of 0·1 ml aspirate could be obtained. In general, an aspiration route avoiding bowel or stomach was used in order to minimize the risk of iatrogenic contamination. Thereafter, the aspirate was immediately processed for Gram staining and culture, and interpreted by an experienced microbiologist. An aspirate was considered infected if either Gram stain or culture was positive for micro-organisms. In case of persisting SIRS after confirmation of a sterile aspirate the procedure was repeated up to twice a week. Nearly all aspirations were performed by the same examiner (U.P.).
Initial treatment was conservative in all patients and included maximum intensive care support. Indication for operation was either (1) clear evidence of infection or (2) persisting organ complications or abdominal symptoms despite maximum intensive care measures for 3-5 days in the absence of a positive FNAC result. Thus, 61 patients (62 per cent) underwent necrosectomy and continuous closed lavage of the lesser sac after operation, 35 (36 per cent) were treated without operation, one patient was managed by percutaneous ultrasonographically guided pancreatic abscess drainage and one patient was subjected to late external pseudocyst drainage.
Statistical analysis
All variables are represented as median (range). For comparison of two samples the two-tailed Student's t test for interval variables was used. Fisher's exact test was employed for the comparison of proportions. P Ͻ 0·05 at Ͻ 0·05 was considered significant.
Results
A total of 193 aspirations were performed in 98 patients, a mean of 2·0 (range 1-9) aspirations per patient. Table 1 . The bacteriological spectrum isolated in the true-positive aspirates is listed in Table 2 .
There were six patients with a false-positive result in whom FNAC revealed the following micro-organisms a median of 1 (range 0-5) days before surgery: Moraxella and Candida in one patient (Gram stain and culture), Neisseria and Streptococcus viridans in one patient (culture only), Bacteroides, Enterobacter, Clostridium perfringens and Veillonella in one patient (Gram stain and culture) Two patients with proven infected necrosis were managed without an operation. One, a 79-year-old patient with high co-morbidity, was in a severe clinical condition that did not allow surgery and died from fulminant septic multiorgan failure as a consequence of infected necrosis.
There were four patients with a non-confirmed positive aspirate. As all of them were managed conservatively, intraoperative or interventional bacteriology was not available and another aspiration was not performed. 
Negative aspirates
A total of 59 patients were found to have sterile necrosis by one or more ultrasonographically guided FNAC. The negative aspirates were confirmed in 55 of 59 patients by intraoperative findings (n ϭ 25), by repeated aspirations and complete resolution of symptoms (n ϭ 17), or by complete resolution of symptoms alone (n ϭ 13). Intravenous antibiotics were administered in 49 of 59 patients with negative FNAC results. In Table 3 the number of aspirations in the patient group with true-and falsenegative aspirates are shown.
In four patients with intraoperatively proven infected necrosis FNAC was false negative a median of 3 (range 1-17) days before surgery. Despite the negative aspirate, intraoperative smears revealed infection with E. coli and Aeromonas hydrophilia, E. coli and Enterococcus, Klebsiella, and Enterococcus and Bacteroides ovatus.
The specificity of the procedure was 90 per cent (55 patients with a negative FNAC of 61 patients with confirmed sterile necrosis) with a negative predictive value of 93 per cent (55 patients with a true-negative FNAC of 59 patients with a negative FNAC). The overall results of this ultrasonographically guided approach to FNAC are summarized in Table 4 .
The timing of FNAC with respect to the onset of symptoms had an impact on the diagnostic accuracy. Three of four false-negative aspirates and all six falsepositive results were observed within the first week after the onset of symptoms. Only one false-negative and no false-positive aspirate was observed if FNAC was performed during the second week of necrotizing pancreatitis or later.
No serious complications were experienced. There was no pancreatic infection which could be clearly ascribed to this procedure, even in 17 patients who underwent repeated aspirations after a first sterile culture. In general, the procedure was well tolerated.
Clinical and morphological parameters
To further assess the importance of ultrasonographically guided FNAC in discriminating sterile from infected necrosis, CRP level, leucocyte count, body temperature and pulse rate were monitored over 72 h before each confirmed positive (n ϭ 37) and negative (n ϭ 108) aspiration. Although levels of all of the variables were above normal, there were no significant differences between patients with sterile and infected necrosis.
The extent of intrapancreatic necrosis assessed by contrast-enhanced CT was significantly greater in patients with infected necrosis confirmed by FNAC than in patients with sterile necrosis ( Table 5 ). The clinical severity of necrotizing pancreatitis did not differ between patients with sterile necrosis (median Ranson score 5 
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(range 0-10); median Acute Physiology And Chronic Health Evaluation (APACHE) II score 12 (range 2-28) and those with infected necrotizing pancreatitis (median Ranson score 5 (range 2-9); median APACHE II score 12 (range 4-29)) proved by FNAC.
Discussion
Percutaneous interventional techniques have gained considerable importance in the diagnosis and management of patients with acute pancreatitis. A number of studies have validated this approach as safe and reliable with respect to its diagnostic 11, [22] [23] [24] [25] and therapeutic [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] role. In a number of recent studies, guided FNAC provided the bacteriological stratification for the evaluation of different treatment strategies 7, 8, 39, 40 . Surprisingly, there are no largescale studies to validate this technique as accurate in detecting infected necrosis as it is in fluid collections, pseudocysts and abscesses, although it is well known that these entities of acute pancreatitis are characterized by a different morphology which may influence the diagnostic accuracy of the technique.
The present study reports an experience with FNAC using an ultrasonographically guided approach in 98 patients with necrotizing pancreatitis documented by CT. A diagnostic sensitivity of 88 per cent, specificity of 90 per cent, and accuracy of 89 per cent were obtained. Compared with previous studies, which uniformly obtained a sensitivity and specificity of more than 90 per cent ( Table 6) 11,22-25 , these results are slightly less favourable.
The most important factor for the diagnostic accuracy of guided FNAC in this series seems to be the time after onset of symptoms at which the procedure is performed. All six false-positive and three of four false-negative aspirates were observed when FNAC was performed within the first week of the disease. As the majority of patients with necrotizing pancreatitis develop infection around the third week of the disease, there is no doubt that FNAC is indicated during this time. In contrast to previous reports 11, 25 the present results demonstrate for the first time that FNAC may be problematic, if performed early in the course of necrotizing pancreatitis. On the other hand, about 20 per cent of patients develop infection within the first week of the disease 4, 11, 39 , in this series seven of 33 patients, so it can hardly be argued that there is absolutely no indication for FNAC during the earlier stages of necrotizing pancreatitis.
The bacteriological spectrum of the false-positive aspirates was different from that of the true-positive aspirations obtained during the first week after onset of symptoms. In the true-positive samples predominantly Gram-negative bacteria of intestinal origin were found; in the false-positive aspirates Gram-positive bacteria of nonintestinal origin were present. In both groups the patients received the same prophylactic antibiotic regimen and had a similar extent of intrapancreatic necrosis. The presence of Gram-positive bacteria in the false-positive aspirates therefore strongly suggests exogenous contamination and thus a complication of FNAC, but it remains unclear why all of them occurred within the first week of the disease. After operation, all six patients with the false-positive FNAC recovered and were discharged in good clinical condition. However, in these patients another FNAC could have contributed to the correct diagnosis which might have changed the subsequent treatment. As a consequence, positive FNAC results in the early course of acute pancreatitis should be considered with caution and should be confirmed by another aspiration. Whenever possible, FNAC should be postponed to the second week or later.
Methodological factors may have played a role in the false-negative results. The majority of reports advocate contrast-enhanced CT as the guiding device of choice for FNAC 11, [22] [23] [24] , as it is currently an imaging procedure which provides the most objective and accurate information about morphological alterations in acute pancreatitis. All patients in the present series underwent CT before ultrasonographically guided aspiration for localization of the areas and extent of necrosis. On the basis of CT findings exact targeting of the needle was generally no problem. However, it has to be emphasized that ultrasonographic expertise is the critical factor for accurate localization of the area to be aspirated, especially in the presence of obesity or abdominal meteorism. On the other hand, there are a number of advantages of ultrasonographic guidance: this technique is performed at the bedside without need for transportation of the often severely ill patient, the cost is less and there is no radiation exposure. Thus, repeated aspirations are faster and easier to perform when guided by ultrasonography than by CT which explains the higher aspiration frequency in this series. Another critical factor for the false-negative results may be time needed for the transportation of the aspirates to the department of microbiology for Gram staining, culturing and interpretation. Some bacterial strains could have been damaged with the consequence of a false-negative result. Immediate processing and analysis of the aspirate is ideal. In addition, a possible impact of the usually solid nature of infected necrosis compared with the fluid content of pseudocysts or abscesses has to CT, computed tomography; US, ultrasonography; n.r., not reported be taken in account. However, a study in seven patients has shown that the pancreatic exudate, which is easier to aspirate than solid necrosis, yields the same bacteria as found in the infected tissue 25 , but this has never been proved in larger patient series.
Four positive aspirates in four patients who were treated conservatively remain speculative and were therefore not included in the sensitivity and specificity calculation. At the time of the positive FNAC result the clinical condition of these patients had already improved so that the decision was made to continue conservative treatment. In the absence of a subsequent aspirate it is difficult to judge what the positive aspirates really represented. They could in fact be another four falsepositive results; however, both the Gram-negative bacteriological spectrum and the time of occurrence do not speak in favour of iatrogenic infection. A possible role for conservative treatment in selected patients with infected necrosis has been reported recently in a small series 41 . Thus, it has to be considered that infection or at least contamination had been present in these patients.
From various reports guided FNAC is known to be a safe technique with a low complication rate. Very few serious complications such as bleeding, aggravation of acute pancreatitis or death are reported in the literature [42] [43] [44] [45] and were not observed in this series. Although there were six false-positive aspirates which should be considered as complications, no patient developed infected necrosis which clearly could be attributed to the procedure itself. The authors are able to confirm that even repeated aspirations, if performed in experienced hands, do not carry an increased risk of iatrogenic infection or complications. In addition, no clinical or routine biochemical parameter is able to differentiate reliably between sterile and infected necrosis, in accordance with other authors 9, 11, 25 , which underscores the importance of this procedure.
In summary, guided FNAC is a reliable technique to differentiate sterile from infected necrosis in acute pancreatitis. Ultrasonographic guidance renders the procedure fast to perform, well tolerated by the patient and cost effective. As complication rates are very low, ultrasonographically guided FNAC can be repeated at short intervals to improve diagnostic accuracy. This procedure is recommended for use in every patient with necrotizing pancreatitis in whom SIRS persists beyond the first week after onset of symptoms. In this respect, the importance of exact targeting of the aspiration needle, maintenance of sterile conditions during aspiration and rapid processing of the specimen, as well as an immediate work up for bacteriology, has to be underscored.
